Important in all experimental anim al studies is the need to control stress stim uli associated with environmental change and experimental procedures. As the stress response involves alterations in levels of vasoactive hormones, ensuing changes in cardiovasc ular param eters may confound experimental outcomes. Accordingly, we evaluated the duration required for dogs (nˆ4) to acclimatize to frequent blood sam pling that involved different procedures. On each sampling occasion during a 6-week period, dogs were removed from their pen to a laboratory area and blood was collected either by venepuncture (days 2, 15, 34, 41) for plasma renin act ivity (PRA), epinephrine (EPI), norepinephrine, aldost erone, insulin, and atrial natriuretic peptide, or by cannulat ion (dogs restrained in slings; days 1, 8, 14, 22, 30, 33, 37, 40 ) for determination of haemat ocrit (HCT ) alone (days 1 to 22 ) or HCT with plasma volume (PV; days 30 to 40). PRA was higher on days 2 and 15 compared with days 34 and 41 and had decreased by up to 48% by the end of the study (day 41 vs day 15; mean=SEM: 1.18 =0.27 vs 2.88 =0.79 ng ANG I=ml=h, respectively). EPI showed a tim e-related decrease from days 2 to 34, during which mean values had decreased by 51% (mean=SEM: 279 =29 vs 134 =20.9 pg=ml for days 2 and 34, respectively), but appeared stable from then on. None of the other hormones showed any signi®cant variabi lity throughout the course of the study. HCT was relatively variable between days 1 to 22 but stabili zed from day 30, after which all mean values were approxim ately 6% lower than those between days 1 and 8. We conclude that an acclimatization period of at least 4 weeks is required to eliminate stress-related effects in dogs associated with periodic blood sampling. (2002) 36, 403-410 C o rre spond e nc e to : Ma rk R. Sla ugh te r, He a d , C e llula r a nd Bio c h em ica l Bio m a rk e rs La b o ra to ry, DSE, Euro pe , IPC 699, P® ze r Ltd , Sa nd w ic h , Kent C T13 9NJ, U K
T he dog is the most frequently used nonrodent species in toxicology and cardiovascular pharmacology studies. T his preference stems from both the substanti al experience accrued and the relative ease of monitoring haemodynam ics in this species (Dogterom e t a l. 1992 , Greaves 2000 . Important in all anim al studies is the need to control stress stim uli associated with environmental change and experimental procedures. Such factors are wide-ranging and evoke both physical and psychological responses that include initiation of complex adjust ments in cardiovasc ular control (Sgoifo e t a l. 1999 , Benson e t a l. 2000 . In the acute stress response, increased activity of the hypothalam ic-pituitary±adrenal axis and the sympathetic-adrenal±medullary system lead to haemodynam ic alterations (Engeland e t a l. 1990 , Jeong e t a l. 2000, Kvetn Ï ansky Â e t a l. 1993). T he vasoactive catecholam ines epinephrine (EPI) and norepinephrine (NOR) selectively activat e adrenergic receptors to exert numerous effects on cardiovascular performance, including alterations in both blood pressure and heart rate (Mendzef 2000 ) . T he stress response may also involve alt erations in numerous other plasm a hormones, including adrenocorticotrophic hormone, cortisol, glucagon, vasopressin, growth hormone, oxytocin, prolactin, plasm a renin activity (PRA), and insulin (INS) . Many of these have direct vasoactive properties, or they may in¯uence hormones or other factors that do (Bonica 1990 , Van de Kar & Blair 1999 , Benson e t a l. 2000 , Mendzef 2000 , Floras & Meneilly 2001 .
In dogs, increases in catecholamines induce pronounced splenic contract ion (Reeve e t a l. 1953 ) which, due to the relatively large capacity of the canine spleen, can result in substantial increases in blood volume, with consequential changes in haematocrit (HCT ) and haemoglobin concentration (Joles e t a l. 1982, Sato e t a l. 1995). T he large capacity of the dog spleen has been demonstrated by supramaximal stim ulation of the splenic nerve in 10 kg dogs, which caused a 148 ml mean shift in blood volume (Donald & Aarhus 1974) . T he spleen is also contract ed when the dog is awake, excited, hypoxic, or treated with adrenaline (Foulkes-Crabbe e t a l. 1976). Conversely, barbiturate anaesthesia causes splenic enlargement with up to 20% blood sequestration (Dellenback e t a l. 1969 ) . Such variation in splenic ®lling may therefore confound haemodynamic investigations, and frequently necessitates the need to use splenectom ized dogs.
Given the variety of stress stimuli and associated responses, appropriate acclim at ization forms a critical phase in animal studies. As the stress response frequently varies between individual animals, the degree of acclimatization may also vary and it may be dif®cult to anticipate stress-related changes in speci®c param eters (Gaebelein e t a l. 1977 , Galosy e t a l. 1979 , Mason & Mendl 1993 . Acclimatizat ion to housing is relatively straightforward since the dogs remain in their new environment; however, stress effects of experimental procedures vary with frequency of conduct, the intensity of stimulus, anticipatory responses to the investigator and handler (T homas e t a l. 1972 ), and to the procedures. Chuang and Kopin (1978 ) , for exam ple, showed that exposure of rats to the laboratory used for non-invasive measurement of blood pressure was associat ed with a marked rise in plasma cat echolamines. In dogs exposed to the experimental laboratory for the ®rst tim e, spectral analysis of heart period and arterial pressure variables showed sympathetic predominance of cardiovasc ular control (Pagan i e t a l. 1991 ).
When establi shing appropriate acclimatizat ion, behavioural signs alone should not be used as indices of stress responses, since autonomic responses are not always accompanied by behavioural change (Gantt e t a l. 1966 , Lynch & McCarthy 1969 , T homas e t a l. 1972 . Experimental animals must therefore be acclimatized with respect to the speci®c mode of stress incurred in experimental procedures and to speci®c measures.
Our aim was to establish a dog model for assessing effects of a candidate compound on plasm a volume and vasoactive hormones. As changes in catecholam ines were not anticipated with this compound, we wished to avoid the practical and resource issues im posed by using splenectomized animals. Haem odynamic studies usually include repeated blood sampling in which venepuncture or cannulation procedures themselves are stressful (Beerda e t a l. 1996 ) . While non-invasive alt ernatives exist for hormone measurements, i.e., saliva and urine collection, they do not always re¯ect respective plasm a concentrations (Beerda e t a l. 1996 ) nor are they suitable for all hormones. For plasm a volume measurements, there is no simple practical alternative to dye dilution procedures, which require blood sampling. We therefore assessed the duration required for appropriat e acclimatizat ion of nonsplenectomized beagles to periodic blood sampling for blood hormones and plasma volume.
Materials and methods

Anim a ls a nd h o using c o nd itio ns
Four female pure-bred beagle dogs approximat ely 14±17 months old and 9±4 kg, were obtained from Harlan Hillcrest, UK. Animals were housed as pairs in pens containing sawdust (Lignocel, RS Biotech, Finedon, Northants, UK; size 2.5 m64 m), and were allowed visual contact with other dogs within the animal house. T he environment was controlled at 18 2 C, with a 12 h light=12 h dark cycle, and animals were allowed to acclimatize to these local housing conditions for at least 2 weeks and then submitted to health checks before allocation to the study.
Fe e d ing
Eac h dog was offered approximately 400 g of Harlan Teklad 9682 Dog Maintenance Diet A (Harlan Teklad, Bicester, Oxfordshire, UK) daily. Filtered tap water was available a d lib itu m from an automatic water supply (T hree Valleys Water plc, Hat®eld, UK).
Expe rim e nta l pro ce d ure s
All procedures involving anim als were performed in compliance with the Animals (Scienti®c Procedures) Act 1986, UK and further reviewed and approved by an internal ethical review process. A general check of the condition and behaviour of all anim als, avail abilit y of food and water, and gross environmental conditions was made near the beginning and end of each working day.
Body weights and food consumption were recorded twice weekly and daily, respectively. On days of blood collection procedures, animals were transferred to the laboratory area (with the same area being used on all occasions) and any changes in behaviour were noted during the period in which they were retained. For plasm a volume (PV), a sham procedure was conducted on days 1, 8, 14, and 22 (blood taken only for HCT ) followed by PV determination with HCT on days 30, 33, 37, and 40. On all occasions, animals were placed in slings, a catheter was inserted into the cephalic vein, and a 2 ml baseline blood sam ple was collected (in which HCT was measured). For actual PV determinati on, the cannula was¯ushed with saline and then a volume of Evan's blue dye (Sigma-Aldric h, Poole, UK) solution in saline (0.5 mg=ml), equivalent to one millilitre per kilogram body weight, was injected over a period of 30 s. Blood was collected (one millilitre) into lithium heparin at 10, 20, and 30 min post-infusion and PV was calculated from spectrophotometric measurements of Evan's blue dye in plasma treated with polyethylene glycol and using the baseline sam ple for blank and standard (Zweens & Frankena 1981) . Procedures commenced at 12:30 h 15 min, and one and the sam e pair of technicians was used per dog (one to tend the animal and one to conduct the procedure). In order to evaluate the suitability of a single, 10 min post-infusion sam ple, PV was calculated using both single and triple time points. HCT was determined on an Advia 120 haematology analyser (Bayer Diagnostics, Tarrytown, USA).
For hormone measurements, which were conducted on days 2, 15, 34, and 41 (and hence independent of the PV procedure), 12.0 ml of blood was obtained by jugular venepuncture and portions were transferred into plain glass tubes (INS, EPI and NOR), glass tubes containing EDTA and 1000 kallikrien inhibitory units of aprotinin (PRA and atrial natriuretic factor (ANP)), and lithium heparin tubes (al dosterone (ALD )). All tubes were pre-chilled and samples were centrifuged at 1500 g for 10 min at 4 C, and plasm a=serum was transferred to polypropylene tubes and stored at ¡ 70 C prior to analysis. On each occasion, blood was collected at 10:00 h 15 min using the same technician. PRA was determined by radioim munoassay of generated angiot ensin I (Incstar Corp., Minnesota, USA), ANP was measured using an im munoradiometric assay (Shionoria ANP kit , CIS Bio Internat ional ), canine INS was measured using a micro-particle enzyme immunoassay (Bayer Axsym , Tarrytown, USA), and EPI and NOR were measured by HPLC (designed by Covance Laboratories, USA).
Sta tistic a l pro c e d ure s
Data were analysed and graphed with commercially avai lable software (Graphpad Prism, version 3.00, Graphpad Software, San Diego, CA). Data were tested for changes with tim e by repeated measures analysis of variance and, when the F stati stic indicated differences across time, means were compared by the Newman±Keuls multiple comparison test. For hormone values, the effect of time on variance was tested for statistical signi®cance with Pitman's method for correlated variances (Snedecor & Cochran 1989) using the Bonferroni correction. PV values calculat ed from single and triple time points were compared for each day of procedure using the paired t-test and Pitman's method.
Results
Be h a vio ura l c h a nge s
T here were no changes in food or water intake that could be associated with stress effects throughout the course of the study (data not shown). During the early bloodcollection procedures, animals generally showed increased restlessness on transfer to the laborat ory area. T his behaviour lessened substant ially over the period of the study. One animal, however, showed freezing behaviour with a low posture during the early sham PV procedures. While this behaviour had lessened substanti ally by the ®rst PV determination (day 30 ), it remained throughout the course of the study.
Ho rm o ne le ve ls
T he effect of acclimatizat ion on hormone levels is summarized in Table 1 . On day 41, mean PRA was 48% lower than on day 15, and variance was lower than on day 2. While other comparisons for PRA were not statistically signi®cant, there was an overall, tim e-related trend towards decreased and less-variable activity (Fi g 1). EPI concentration showed a time-relat ed decrease from days 2 to 34 (Fig 1) , during which mean values had decreased by 51% , then remaining at a similar level on day 41. T he animal which showed freezing behaviour generally had the lowest PRA throughout the course of the study. However, this anim al had the highest EPI on day 2 and the reduction from days 2 to 15 was the great est observed between two consecutive EPI measurements (day 2: 354, day 15: 130 pg=ml ). None of the other hormones showed any signi®cant variabil ity throughout the course of the study.
Ha e m a to cri t a nd pla sm a vo lum e
While HCT was relatively variabl e from days 1 to 22, it remained consistent from days 30 to 41, during which all mean values were approxim ately 6% lower than on days 1 and 8 (Fig 2) . For the determination of PV, there were no differences in mean or variance between values calculated from single and triple time points. PV as measured on days 30 to 41 showed no signi®cant variation (Tabl e 2; Fig 3) , a ®nding consistent with the concomitant HCT measurements during this period.
Discussion
T he acute stress response is vital to increasing the likelihood of survival under hostile conditions. Flexibility in response allows for adaptation to differi ng modes and degrees of stress stim uli, and involves alt erations in Many stress-related hormones modify cardiovascular function (Bonica 1990 , Van de Kar & Blai r 1997 , Benson e t a l. 2000 , Mendzef 2000 and may therefore confound experimental outcomes in anim al studies. Experimental anim als respond to changes in housing conditi ons and experimental procedures, including conditioned responses to apparatus and personnel associated with such procedures. In order to avoid stress-related artefacts, appropriate acclim at izati on must therefore be planned into animal studies.
In the current study, blood sampling using venepuncture or cannulation procedures on dogs moved to a laboratory area and (for HCT and PV) restrained in slings, caused changes in PRA, EPI, and HCT. Stabilizat ion of all three affec ted measurements required at least 30 days' acclim at ization. Since HCT and hormones were measured on different days and involved different collection procedures, it is not possible to directly relate the degree of change in HCT with hormone responses.
Nonetheless, the generally higher HCT observed in the ®rst 14 days is considered to be a re¯ection of a higher blood volume due to EPI-induced splenic contraction (Reeve e t a l. 1953). T his response is likely to be related to the im portant role of the canine spleen as a reservoir mechanism for mobilizing red cells for increase oxygen delivery in response to physical exertion (Guntheroth & Mullins 1963) . T his is exempli®ed by the large increase in venous HCT, by up to 39% , from resting to severe exercise in trained beagles (Kraan e t a l. 1978) . EPI-induced splenic contracti on is regulated via act ivation of alpha-1 adrenergic receptors (Sato e t a l. 1995 ) and therefore form s a component of the numerous cardiovascular changes elicited by EPI-m ediated acti vation of adrenergic receptors.
Consequently, while the effect of splenic contraction on blood volume can be minimized by using splenectomized anim als, there remain the other stress-relat ed effects on cardiovasc ular performance by increased EPI levels (Sato e t a l. 1995 ) . T he reason for the relatively low HCT on day 22 is unknown. As indicated earlier, EPI was not measured on the same day as HCT, and while unlikely, it is not known whether EPI might also have been low. Haemodilution is ruled out by the lack of effect on water intake. Nonetheless, HCT had stabi lized by day 30.
We only measured PV during the last 10 days of the study; however, lack of any trend would imply that this param eter was unaffected by residual stress effects. It is also noteworthy that the lack of difference between single and triple time points used for calculating PV indicates that a single sample taken 10 min after dye infusion provides a reliable estim at e. T his reduces both the amount of blood required and the cannulation period, and likely the degree of stress associat ed with this procedure.
Although NOR also causes splenic contraction (Sato e t a l. 1995 ) , this hormone was unaffected by the procedures conducted in our study. T his lack of change is of interest since increased plasma NOR is indicative of an increase in sym pathoneural out¯ow, whereas EPI is indicative of increased adrenomedullary secretion. It is known that the sym pathetic nervous system and adrenal medullary hormonal systems elicit differential responses to stressors; EPI tends to be increased in fear and anxiety whereas NOR is increased in conjunction with EPI in conditions such as orthostasis, cold exposure, aggression, and physical activit y (Bùrsheim e t a l. 1998 , Goldstein 1998 . T his would indicate that, in our study, the initial response is of anxiety and anticipation to unfam iliar experimental procedures.
Plasm a levels of EPI and NOR are often used as indicators of sympathetic±adrenomedullary activation. However, while adrenomedullary chromaf®n cells release EPI directly into the bloodst ream , plasma NOR represents only that fract ion of cat echolamine that has diffused from sym pathetic nerve endings into the blood stream , and ranges from 3±30% of that released from nerve endings. Despite this relatively poor representation of NOR release, there is reasonable agreement between venous NOR and both nerve ®ring and haemodynamic functions (Wal lin 1984, Seals e t a l. 1988 ).
Plasm a renin acti vity appeared still to be stabil izing by day 40, as was also indicated by the reduction in variance on this day. While PRA might decrease further with tim e, given the low activity and variance on day 40, any further change would be limited. T he increase in PRA is consistent with the reported release of renin via 5-HT 2A receptor stim ulation that represents a component of a concerted activation of different 5-HT receptor subtypes during conditioned stress (Zhang e t a l. 2000 ) . Release is accomplished by acti vation of b receptors from the sympathetic nervous system, resulting in increase production of circulating angiotensin II (ANG II) to increase vasopressor effects directly and indirectly via stimulation of further release of cat echolamines (McCance & Heuther 1990 , Mendzef 2000 . ANG II is also responsible for stimulating release of ALD from the adrenal cortex (McCance & Heuther 1990 , Mendzef 2000 ; however, ALD was not increased in this study. T his may re¯ect the acute nature of stress associated with each blood sampling process. PRA release is rapid and short-lived once the stress stim ulus is withdrawn. Downstream increases in plasm a ALD incur a short delay (Laragh & Sealey 1992 ) and therefore the time between onset of stress and collection of blood would be insuf®cient to detect any increase in ALD release. Given the vasoactive potency of ANG II however, stabilization of PRA should form a key target of the acclimatization process.
Despite the persistent freezing behaviour in one animal, PRA appeared least affec ted compared with other anim als, and EPI was highest only on day 2, and by day 15 EPI was generally of median levels. T his apparent discrepancy between observed behaviour and plasma hormone levels supports the recommendation that behavioural signs alone should not be used as indices of stress (Gantt e t a l. 1966 , Lynch & McCarthy 1969 , T homas e t a l. 1972 .
We conclude that with dogs, an acclim atization period of at least 4 weeks is required to eliminat e stress-related effects associated with periodic blood sampling. T his study highlights the need to determine speci®cally the acclimatizat ion period required for a given study by monitoring all experimental param eters, particularly if it is intended to use non-splenectomized dogs.
